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i!
AIRLOADSINVESTIGATIONOF AN O.030-SCALEMODEl. :_

OF THE SPACESHUTTLEVEHICLE

14OA/BLAUNCHCONFIGURATION(MODEL47-OTS)
!

IN THE ARC lI-FOOTUNITARY

PLANWINDTUNNELFOR MACH RANGE0.6 TO 1.4 (IAI4A)

VOLUME3

By R. L. Gillins,RockwellInternationalSpaceDivision

ABSTRACT

This reportpresentsresultsof testsconductedon an O.030-scale

launchconfigurationmodelof the Space ShuttleVehicle140A/Bin the

NASA/ARCll-FootUnitaryPlanWind Tunnel. Aerodynamicloadsdatawere

obtainedat Mach numbersfrom0.6 to 1.4.

Surfacepressuredistributionswere obtainedsimulta,eouslywith six-

componentstabilityand controlforcedata on the completelaunchconfigu-

i
ration. The configurationconsistedof the orbiter,an externaltank,

two solidrocketboosters,and associatedintercomponentattachhardware.

Anglesof attackand sideslipfrom -IO degreesto +lO degreeswere inves-

tigated. The tests,designatedIAI4A,were conductedfrom 4 September

1973 through13 September1973.

iii
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INTRODUCTION I"}

The O.O30-scaleaero loadsSpaceShuttleModelwas testedin the ARC

Unitary Plan Wind Tunnels as follows:

IAI4A 4 thru 13 Sept. Ig73

IAI4B 17 thru Ig Sept. 1973

OA22A 13 thru 14 Sept. 1973

I
I OA22B 19 thru 20 Sept.Ig73

i
For tests IAI4B,OA22A,and OA22B,see reference34, 35, and 36,

respectively.

The testingwas conductedin the ll-footand the g- by 7-foottunnels

of the ARC UnitaryPlanWind Tunnels. The IAI4A/Btestswere for the launch

configurationsat Machnumbersfrom0.6 to 2.2. The OA22A/Btestswere for

the orbiteraloneconfigurationat Mach numbersfrom 0.6 to 2.2. The effects

of controlsurfacedeflectionswere also investigatedin testsOA22A/B.

This reportfor test IAI4Aconsistsof one volumeof forcedataand ten

v_lumesof pressuredatafor a totalof elevenvolumesarrayedin the following

manner:

VolumeNo. Contents Page

I. IAI4Aforcedata

2. IA14Aplottedpressuredata

3. IAI4Atabulatedpressuredata

l_I Orbiterfuselage(B) 1-725Orbiterbase (C) 725-g18

4

l

1975015585-008



j VolumeNo. Contents Page

m

4. IAi4A tabulated pressure data

(_) OMSnozzle (E) 919-114S
(b) Body flap (F) 1146-1338
(c) OMSpod outside (M) 1339-1531 :

5. IA14A tabulated pressure data

(a) Lowerwing surface(L) 1532-2414 i

6. IAI4Atabulatedpressuredata

(a) Upperwing surface(U) 2415-3297

7. IAI4Atabulatedpressuredata

(a) Leftverticaltailsurface(V) 3298-3603

(b) Rightverticaltailsurface(R) 3604-3909

8. IAI4Atabulatedpressuredata

(a) SRMbooster (S) 3910-4444 _,_

9. IA14Atabulatedpressuredata
is

(a) Externaltank (T) 4445-5031 ,

(b) SRMnozzle (X) 5032-5161

10. IA14Atabulatedpressuredata

(a) Externaltankbase & SRM 5162-5354
boosterbase (Y)

(b) Orbiterattachpoints(I) 5355-5941 _i
i4

11. IAI4Atabulatedpressuredata _i
)

I_l Externaltankattachpoints(2) 5942-6313External tank base rake (3) 6314-6412

i} s
i
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NOMENCLATURE

General [ ,'

SADSAC

S_IIK)L SYMBOL D_II_iTION

a speed of sound; m/sac, ft/sec

Cp CP pressure coefficient; (Pl - Pm)/q

M MACH Msch number; V/a

p pressure; N/m 2, psf

q Q(NSM) dynamic pressure; 1/2pV 2, N/m 2, psf
Q(Ps;)

RN/L RN/L unit Reynolds number; per m, per ft

V velocity; m/sac, ft/sec

a ALPHA angle of attack, degrees

BETA angle of sideslip, degrees

PSI angle of ysw, degrees

PHI angle of roll, degrees

p mass density; kg_m 3, slugs/ft 3
H

Reference & C.G. Definitions _I

Ab base area; m2, ft2

b BREF reference span; m, ft i

c.g. center of gravity

reference length or wing mean
qerod_amic chord; m, ft

S SREF wing area or reference area; m2, ft?

HRP mo_mt reference point

XMRP moment reference point on X sxls

YHRP moment reference point on Y axis

2MRP m_nt reference point on Z axis

_JI_CRIPTS
b base

t locsl
s ststlc conditions

t total conditions

m free stream

I'1m •

i

1975015585-010



N_C'.a_RE (Continued)

Bod_-Axi _ S_._tem

SADSAC

S_BOL S_(BOL D_NITXO_

CN CN normal-force coefficient; nc_ml force
qS

CA CA axial-force coefficient; axial force
qS

Cy CY aide-force coefficient; side force
qS

CAb CAB base-force coefficient; base force
qS

"Ab(mo " p®)/qS

CAf CAF forebody axial force coefficient,CA - CAb

Cm CLM pitching-momentcoefficient; pitchin6 moment

Cn C_ yawing-moment coefficient; yawing mouent
qSb

C_ CBL rolling-moment coefficient; rolling gcment
qSb

Stabilit_-AxlsS_stem

CL CL llft coefficient; llft
qS

CD CD drag coefficient; dxag
qS

CDB base-drag coefficient; base _ragqS

CDf CDF forebody drag coefficient; CO - CD_

Cy CY slde-force coefficient;side force
qS

Cm CIM pltching-_c_nt coefficient; pltchAnR moment
qdn,

Cn CI_ yawing-moment coefficient; yawing moment
qSb

C_ CSL rollins-moment coefficient; rollln6 momentqSb

L/D L/D lift-to-drag ratio; CL/CD

7
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NOMENCLATURE{Continued) ) ,
AdditionsTo StandardList

SADSAC i
Symbol _ Definition !

A( ) model base area, subscript ts base orifice number )i
and identifies1ocatlon i

CAb CAB model base axtal- force coefftctent

Cp model static pressure coefficient, subscript ts
( ) ortftce number, [p( ) - p,,]/q

CAU CA axial'force coefficient, unadjusted

CAF CAF forebody axial-force coefficient, CAUadjusted for
base terms

ET external tank

]V integrated vehicle, consists of orbiter, external
tank, and two so_d rocket motors

LREF LREF reference length, inches

HRC momentreferencecenter

OHS orbltelmaneuveringsystem

_e ELEVON elevon, surface deflection angle, positive deflection
trailing edge down, degrees

6f BDFLAP orbiter body Flap deflection angle, positive de-
flection angle is trailing edge down, degrees

_R RUDDER rudder, surface deflection angle, ;,osttive deflection
trailingedge to the left,degrees

6SB SPDBRK speedbrakedeflectionangle,leftsplit ruddertrail-
Ing edgeleftand right splitruddertralllngedge

i right, 6SB= (6RL + (RR)/2, positive deflection,
degrees

io ORBINC incidenceanglebetweenthe orbiterand external
tank, t 0 • 00" °T, degrees

i

k
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I

NOMENCLATURE(Continued)

BT BETAT angle of sidesltp of external tank, degrees

aT ALPHAT angleof attackof externaltank,degrees

t B LB lengthof orbiterbody,in

_T LT lengthof externaltank,in

/.s LS lengthof SRM booster,in

_NM LNM lengthof ONSnozzle, positivedirectionforward
of exit plane,in

_NP LNP lengthof MPS nozzle,positivedirectionforward
of exit plane,ln

b/2 BW wing seml-span,in

bv BV verticaltailspan,in

x X distancefromcomponentnose, in

y Y lateraldistancefromcenterllne,in

z Z verticaldistancemeasuredfrom W.L. 500 (vertical
tail referencerootchord),in

cw CW localwing chord,in

cv CV localverticaltailchord,in

X/tB X/LB longitudinalposition/orbiterbody length

Xl/T X/LT 1ongitudlnalposltlonlexternaltank length

X/Is XILS longitudinalpositionlboosterlength i
(

Xl_NM X/LNH longitudinalpositionlOMSnozzlelength i

i g

' i

1975015585-013



NOMENCLATURE(Concluded) J

x//,Np X/LNP longitudinalposition/MPSnozzlelength

x/cw X/CW localchordwiseposition/localwingchordlength i

x/cv X/CV localchordwiseposition/localverticaltail
chordlength.

n Y/BW localspanwiseposition/wingsemi-span

nv Z/BV localspanwiseposition/verticaltailspan

Xcp/L XCP/L centerof pressuredistancefromMRC,expressedas
a fractionof body length

BO BETAO ang':of sideslipof orbiter

_0 ALPHAO angleof attackof orbiter ,_

10 Jl

.... ..... L
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I CONFIGURATIONS INVESTIGATED I

The O.030-scaleAero Loads Model, 47-0TS, was configured after the

Shuttle Vehicle MCR 0200 Baseline Rl, as defined in drawing number VL70-
|000088B. The orbiter configurationwas a combination of the VL70-OOOI40A

orbiter and a VL70-OOOI40B wing and midbody, from which the 140A/B designa-

tion was derived. The basic launch configuration consisted of the orbiter,

an external tank with simulated fuel and vent lines, and two solid rocket

boosters, designated 01 Tl2 Sl2 N25.

Three launch configurationswere tested. One was the basic configuration

• described above mounted on a dual balance and sting arrangement,illustrated

in figure 2d. A second contained attach hardware, designated ATIo, mating

the orbiter with the external tank and mounted on a single sting and balance

;_ in the orbiter, illustrated in figure 2b. The third utilized a similar

attach hardware configuration,designated ATll, which was attached to the

orbiter but not to the external tank and was mounted on the same dual sting

and balance arrangement as the basic configuration (figure 2c). In all three

configurations,the SRB-to-ET attach hardware was simulated at the forward

attach location but not at the aft attach location. Model and component

general arrangements are shown in figures 2e through 2o.

Component Description
i

i 01 140A/B orbiter minus the main propulsion system
nozzles

TI2 324-inch diameter external tank wlth ogive nose
and external fuel and vent lines

Sl2 142.3-inch diameter solid rocket boosters

}

I ll !

•
!

t t
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N25 Nozzlesfor Sl2 boosters I

ATIo Orbiter-to-ETattachhardware,fixed to both
vehic]es

ATI] Orbiter-to-ETattachhardware,fixedto orbiter
only

LV 01 Tl2 SI2 N25

LVA 01 TI2 Sl2 N25 ATIo

LVAP 01 TI2 Sl2 N25 ATII

The orbiterOf, consistedof the followingcomponents:

B26 C9 F8 M7 N28 V8 R5 Wll6 E26"

B26 Doubledeltawing fuselage,140A/B

C9 Canopy,140A

F8 Bodyflap, 140A

M7 OMS pods, 140A

N28 OMS nozzles,140A

V8 Verticaltail, 140A

R5 Rudder,140A

Wll6 Doubledeltawing, 140B

E26 Elevons,140B

Parametricinvestigationswere limitedto anglesof attackand side-

slipwith all orbitercontrolsurfacesat 0° deflection.

12
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I INSTRUMENTATIONDESCRIPTION i

The left side of the orbiter and the external tank and the left hand _._

SRB were extensively instrumentedwith pressure orifices for measurement _i

of surface static pressure distributions. Additionally, there were clusters li
i!

of orifices around inter-componentattach structure locations on the right _;
J

hand side of the orbiter and external tank. The orbiter contained 471 !'_

operational orifices, of which 83 were clustered around attach structure. !i

11
The external tank contained 270 operational orifices, of which 127 were ii

clustered around attach structure. The SRB contained 124 operational

orifices. A three-tube total pressure rake was installed in the opening
{

between the orbiter and external tank. Tables and sketches defining orifice _

locations are included in this report. All model pressures were measured i
I

by model mounted Scanivalve, Inc., S-type scanivalve modules - twelve in

the orbiter, seven in the external tank, and five in the SRB.

Force instrumentationconsisted of a six-componentinternal force

balance in both the orbiter and external tank for the LV and LVAP con-

figurations, and a single six-component internal force balance in the

orbiter for the attached LVA configuration.

!i• 13



I
TEST FACILITY DESCRIPTION

The tests were conducted in the Ames II by II Foot Transonic Wind

Tunnel which is a variable density, closed return, continuous flow type

This tunnel has an adjustable nozzle (two flexible walls) and a slotted

test section to permit transonic testing over a Mach number range continuously

variable from 04 to l 4

14 _[I
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I ! DATA REDUCTION

Datawerereducedto coefficientform aboutbodyaxes usingthe

followingreferenceconstants:

SREF = 2.421 ft2 referenceareafor forceand moment
coefficients

_REF = 38.709in referencelengthformomentcoefficients

Al = 0.07670ft2 Orbiterstingcavity

A2 = 0.21340ft2 Orbiterheat shieldbase

A3 = 0.08560ft2 OrbiterOMS base (2)

A4 = (seetablebelow)Orbiterspeedbrakebase

A5Ol = 0.07266ft2 Tank stingcavity

A502 = 0.44264ft2 Tank base

A801 = 0.19600ft2 SRM nozzlebase (2)

A802 = 0.16590ft2 SRM skirtbase (2)

_SB = 0 deg A4 = 0 ft2
14.92 0.02327
24.92 0.03866
34.92 0.05370
54.92 0.08252
84.92 0.12083

XMRP = 0 in

YMRP = 0 in

ZMRP = 9.99 in

i 15
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The incidenceanglebetweenthe orbiterand the externaltank is

equalto zerofor angle of attackand angleof sideslip.Therefore,the

angleof attack,ALPHA,used in the forceplots is equalto ALPHAO. Also

the angleof sideslip,BETA,used in the forceplotsis equal to BETAO.

The forceand momentdata recordedby the orbiterbalancefor con-

figurationLV and LVAPare identifiedas RBIOXXdatasets. Forceand

momentdata recordedby the tankbalancefor configurationLV and LVAP

and by the orbiterbalancefor LVA (composite)are identifiedby RBIIXX.

The pressuredatawererecnrdedfor eachcomponent. The fourth

characterin eachdatasetidentifier(i.e.RBIBXX,B for fuselage)repre-

sentsthe individualcomponent.The followinglistindicatesthe symbol

for each component.

SYMBOL COMPONENT

B Orbiterfuselage

C Orbiterbase

E OMS nozzle

F Body flap

M OMS pod outside

L Lowerwing surface

U Upperwingsurface

R Rightverticaltail surface

V Left verticaltailsurface

S SRM booster

T Externaltank

X SRMnozzle

1975015585-020



SYMBOL COMPONENT

Y Externaltankbase& SRM boosterbase

l Orbiterattachpoints

2 Externaltankattachpoints

3 Externaltank baserake

17
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"rEST" _ ] DA'r,:"9-13-73
I TESTCONDITIONS

J REYNOLDSNUMBER DYNAMICPRESSURE STAGNATIONTEMPERATURE! MACHNUMBER
(perunitlenith) (po,nds/_. ft.) , (delpeesFaMenheit)

i

"1 I O.60 4.0 x 106 480 120

i O.7K __7___ in 6 _an ,, !20 ....
O.85 3.5 x ,1Q6 _n l_n

i 0.90 3.5 x 106 ._Rn 12n
0.95 3,25 x 106 61o l_n

_ O.97.5., 3.0 x 106 530 ]_n

_ 1.00 3.0 x 106 535 l_n

1.025 3.0 x 106 540 1_II

1.05 3.0 x 1{)6 545 1_n

1.10 3.0 x IQ6 ,.... 5_0 1_n

1.15 3.0 x lO6 575 I_0

1.25 2.75x IO6 540 .....120

1.40 2.75 x 106 '}lO ....120

LVA: 2.5-in MK XX (ORBITER)
BALANCEUTILIZEO: LVA_ 2.5-in MK XX (ORB.)..2.75-tn. MK I (ET_

COEFFICIENT
CAPACITY; ACCURACY: TOLERANCE:
MK XX MK I

NF 6000 7500 MK XX MK I

SF 3000 3750 . 0.2%i0.2% a!

AF _...,...600..,--700 O.2% O.2%
PM ....

i RM 4000 4,000 0.2%
i
;

YM

COMMENTS:Test conditionsfor LVAand LVAPmodelconfigurations

I

|

21
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TABLE I. - Concluded.

+I

TEST
IA-14A J DATE _ 9-13-73

TEST CONDITIONS

REYNOLDSNUMBER DYNAMICPRESSURESTAGNATIONTEMPERATUREMACHNUMBER
(perunitlength) (pounds/s(I.f#.) (delpeesFitwenheil)

. 0.60 4.0 x 106 480 I_0

_ 0.75 __ 4.25 x 106 610 ]_O i+i

_ 0.85 4,5 x !O6 7]0 120 +

_ 0.90 .... 4.5 x 106 750 120 _+

_ 0.9_ 4,5 x tO6 780 12o ii

0,975 4.25 x 103 750 120 i]

1.0,,5 4,25 x_ ]06 790 120

, 1.10 4.0 x 106 760 1_0 1
' 1.15 3,75 x ]06 720 120 !

1.25 2.75 x tO6 735 l?n I
J !

].40 3.0 x 106 620 l_O !

iii ii

BALANCEUTILIZED:.. 2.5-in MK XX (ORB.), 2.75-in MK I (ET)

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

MK XX MK I MK XX MK I
NF 6000 7500 0.2:.50.2%

SF 3000 3750 0.2% 0.2%

kF 600 700 0.2°_ 0.2%

PM --i --

RM 4000 40QO 0+2_i. (};_:

YM .... L_

COMMENTS:Test conditions for LV model config.
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!

TABLE III. - MODEL DIMENSIOHAL DATA

MODEL COMPONENT: ATTACH STRUCTURE - ATIo

GENERAL DESCRIPTION: Attach structure for InteBrated Vehicle Configuration

4 per VL72-OOOO88B and VL72-OOOO89t modified as follows: kemoved

ET-_o-SRM aft attach struts (4) and left orbiter .toright ET aft

attach crossover rod.

MODEL SCALE: O .0._0

DRA_NG NO.: SEE DESCRIPTION

DIMENSIONS: FULL SCALE MODEL SCALE

FORWARD ATTACH
Orbiter to Tank

Number of struts 2 2
Diameter - In. 6.0OO
Location .- In.

xo _,82.oo_ _1.46o.
xT I..o78.0oo 32.34o

DRAG LINK ATTACH
Orbiter to Tank

Number of struts 2 2

Diameter, In. i_.OO0 O.k_
Location, In.

xo 13o7.ooo __9.21o
xT 1859.ooo 55.77o

AFT ATTACH
Orbiter to Tank

Number of struts 2 2

Diameter - In. 12.000
Location- In.

xo l_o?.ooo 39.2to
XT 2058.000 61.740

CROSSOVER ROD (RIGHT ORBITER TO LEFT ET)
Diameter, In. 8.000 0.240
Location- In.

xo 13o7.ooo 3,9.21o
xT _58.ooo 6l.?ho

26
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I MODELCOMPONE_: ATTACHSTRUCTURE - ATll

GENERALDESCRIPTION: Attach structure t same as ATIo except the forward

attach struts are rotated to the vertical, and the structure extends

from the orbiter but is not attached to _he tank.

MO_ SCALE: o.o_o _

DIMENSIONS: FULL SCALE MODEL SCALE ii

FORWARD ATTACH
Orbiter to Tank

Location- In.

xo 382.ooo __ ,,_
XT 1133.000 33.990

Clearance, tank to strut - In. 16.667 0.500

DRAG LINK ATTACH
Orbiter to Tank

Clearance, tank to strut - In. 8.333 0.2_0

AFT ATTACH
Orbiter to Tank

Clearance, Tank to strut - In. 8".3_ 0.250

Crossover Rod

Clearance, tank to stru_ - In. 8.$33 0.2_0

l 27
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TABLE III.- Continued.

MODEL COMPONENT: BODY - B26 IlL I ) i

GENERALDESCRIPTION: Orbiter Fuselage Con£iguration 140 A/B

_T,E,: B?6 identical to B24 except underside of fuselage refaired to

acceptWII6.

ModelScale = .030

VL70-O00193
DRAWINGNU!,]BER: VL70-OOOI,IOA

. _
DIMENSIONS: FULL-SCALE MODEL SCALE 1

Length (BodyFwd Sta Xo = 2.x8)- in. 3,293,3 38.799

Max. Width (at Xo = 1520)- in. 262.0 .7.860, . , E _

Max. Depth (at Xo = 1464) - in. 250.0 7.500

FinenessRatio ....O,26_7 O,26_57

Area - ft 2

Ma_. Cross-Secti onal 340.88462 O.30679

Planfom

Wetted
,i

Base

28
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TABLEIII. - Continued.

' MODEL COMPONENTI CANOPY- C_ •
, ! ii i

If

• |.

GENERALDESCRIPTION: Confi_=,,J_tion 3A"|i i i

- i i| i • | tl i ,_

g I i i |i _ |i•i

M.odel Scale = .030l i ,|
J AL

VLTO-OOOIJ+OA
DRAWING NUMBER . VL?O-O001I+_-',

DIMENSION: FULL SCALE MODEL SCALE

Length(Xo='_3/+.6&3to 670) 235;357. 7.06071

Mex Width (_ Xo=513.127) 152.&i_ 4.57236

Max Depth (,3 Xo-_S5.O) ., 25.000 0.7S000| i

• FinenessRatio

Area ' •

Max Cross-Sectional

Plonform
• i i

, Wetted

Base

• .

' t_i{/O_1"ALPAGE IS
POOR QUALITY "

@
.°

I ' 29
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TABLEIll. - Continued•

MODEL COI.IPONENT:. ELEVON,-E_6 .... lJ

GENERALDESCRIPTIO;I:CorLf!Xuz'ctlon4 .

NOTE: VL70-O00400 dat_ for (I) of (2) sides. Identicalto E25 except

airfoilthickness
L ' • ' q

Model Scale = ,.830

• VLTO--O002OO

DRAWlNS NUI4BER: V_70-0001_0

DIMENSIONS: FULL-SCALE _IODELSCALE

Area . 223.5P1/_ 0.20122

Span (equivalent) . _68.3& 11:0_020

Inb'd equivalentchord 119.623

Outb'd equivalentchord , 55.1722

Ratiomovablesurfacechord/
• total surfacechord

At Inb'dequiv,chord . 0.2096 ..0'2076

At Outb'dequiv,chord O.400L O.400L

Sweep Back Angles,degrees "

,:..,LeadingEdge 0,00 ,-0.00
"I@ • • • ... . ._

• ". _,.,.TailingEdge " _- -10.056 " -10.05&

Hingeline 0,00 0.00• jll .

Area Moment (Nomal to hinge line) __ 8_i.I_02

• oRZonvaLPAGOPp

00.1_QU4LI_ . 30 ii)
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:TABLE III. - Continued.

) MODEL COMPONENT: _ Body Flap - F/_ ,,

GENERAL DESCRIPTION: Confi_.zrr.'c,:1.on&j iii ii i

n i n n nn

I I i ii

• _ J

' Hodel Scale - .030
DRAWING NUMBER VLT0-000140B, VL70-000200

DIMENSION: . FULL SCALE_ MODEL SCALE
in _

length in. .. 81f.7 i.. 2.5_1.

Max Width in. 262.308 ?. R6924ii

Max Depth in. 23.000 ^ ,_nn,,^
wv w_vvv

Fineness Ratio n n in i u

Area - ft 2

Max Cross-Sect'.anal

Planform " ISS. 8S3S0 O. 14297

• Wetted
in . __

Base 41.89642 ' " 0.03771

t

, 31
t
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: TABLEIII. - Continued• I , .

MODEL COMPONENT" 0MSP0e - M7 .... _ )
J ILJ j . .

I o

GENERAL DESCRIPTION: _or.ft_,x_tton 3A i

• I
|l t lit t ii j i I

It i J| i

Model Scale • •030
o

VL?O-OOOIAOA
DRAWlNG NUMBER VLTO-OOOIL5

DIMENSION: FULL SCALE MODEL SCALE
• i

LIngth (0:G l_rd Sta Xo=1233.0) - ItS. 327.000 9.$10 ,

Max Width (O Xo=l&50.0) - It'. 9&.5 2.g350, , iH

Max Depth (@Xo=14_3.0)- IN. I09.000 _ _vnI i

P

FinenessRatio

Areo

Max Cross-Sectlonal

Plonform '

Wetted

| el

e .

|'e

i
t •

• %

•. 32
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TABLE Ill.- Contlnued.

MODELCOI@O_eNT:, ,BSP,H NOZZLES- N25.

GENERALDESCRIPTION.* Con£!_.n._t!on 3A _.gM ):ozzles- _ i i

I I - -- ii i ii - ii _ i i i z

• I .... i • _ J _ _ |i mUl

m Model Sc&le = .030

DR,A_I.HGNO, vT_'7'7-0_,C,336._........
i

DIMENSIONS FUU,-SCALE MODELSCAL£
#

NAOI NO.
oo

DIAMETERDEX ,-IN (One ,_ozzle) 1_.3 4.2390
-- -- _ L

DIAMETERDT -- 1N

DIAMF.TERDIN -,. IN --*

(R ",,DEGREES
L

AREA -FT 2 (On_Nozzle) ..

MAXCROSS-SECrI0,'L_L 108.89595 0.09801
ml _ _ i nl :_ __

GII_ALORIGIN Xo Ya Zo

LEFT NOZZLE,-,, If:.F.S. 1825.3 -2A3 &O0
il • _

RIGHT NOZZLE.-- IN. FS 1825.3 +2_3 &O0

hULL POSITION - D':G. PITCH YAWi

LEFT:ozzLa +_8 +...e

RIGHT NOZZLE +8 +8

33 !i
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TABL.EIII.- Continued.

NOZZLES- N28MODELCOI_ONENT: ....................
|

61DIEI_,I.DESCRIFrlON: Confi-,ur_tlcn3,_O;_ :!o_zle _ _ _ ' [_

ill
II I i 11 II II I i • • - _ - --

J l _ u_ _ • - -- -

F_el Scale = .030

DRAWING NO. VLTO-OOOI&O.:_-- i i i_ _ _ +

DI/_ IONS _IJL-SC_ U-. N_KL SC_/J'.
f

NAO! HO.

DI_'rER DEX ~ Ill (One no_z3.e) .....

DI_rER DT -- Ill I IlL _ -- -

B

DI/124E_RDIN -- IN II ....

ON", DEGP,£ES

AREA - Ft,2 (one nozzle)

NAX CROSS-SECTIONAL
I I -- -- I

ox_ oRxcx. .__ ..... ,,, zo
NOZZLE.-, IN. 1518.O -8B.O &92.0

-- - ! IJ I II • i

RIGHT KOZZLE -- IN. 1518.O -88. O &92. O
I III

HUlJ- FOSITZOM. PITCH YAW

LEFT NOZZLE (t;ullPitch 15"&9'; Yz.w12°17' +8o _rITP'C_-_'D- 2*_0' I:_'D
ona,o) ,--.....-_;.--- n-n' c::_,r,

RIGHT NOZZLE(:_u!lPitch 15°&9': Yaw 12°17
OUTB'D) - i , _'17 ' _r,_ n lID

• 34
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TABLEIII..- Con'ttnued.

MODELCORPONENT: _3DDER- R5
i i , ii it i.

GENERALDESCRIPTION: 2A, ) and _A Conftg_'_tJ.on per Roc.k_ll I.Lnes,

VL?O-O00095
! i mm Ili I is li| I

J

ii i s i | Sl

e

Model Scale - .030
,, ,H i,n

DRAWINGNUMBER: VLTO-O(XX)95

DI_NSIONS:' FULL-SCALE MODELSCALE

Area- _2 _ o.ogs_4

Span(equivalent) - ZN. _1.0 6.030O

Inb'd equivalent chord . _.. 2_.74755

Outb'd equ|va]ent chord _ 1.52499

Rat|o movab]e surface chord/
total surface chord

At Znb'd equtv, chord 0._30 0._00,

At Outb'd equiv, chord O,/1_O _.Q.c_(;X:)

Sweep Back Ang]es, degrees

• Lead|ng Edge ._ __

Tel 11ng Edge _ .._

Htngellne _

Area Moment(tlormal to htnge 1|no)- 1_) _ 0.01420
Product o_ Area and Kun Chol_!

I 35

o

• °

t
: .... _mmpa

1975015585-039



1

'TABLEIII. - Continued• ..

MODEL COMPONENTs BOOSTERSOLID_0CKETMOTOR- $12' ' L )to

GENERALDESCRIPTION" Conf_u_tion 3A, Oat& for (1) of (2) sides,
ml II i II I II i

1perRock_l_ Line_ yI,??-OO_:_)6h . .: ., .....

iiiimI ± I

.ModelScale - .030
i • i | , ,| ,,i , m •

VL?2-O0008_
DRAWING NUMBER . ,,vL_vrooOO_6A

DIMENSION: FULL SCALE MODEL SCALE
• • ,.,.II

" LengtK (Zncludes Nozzle) - IN. l'/kl.O . .=52"2300

Mm_Width (Tank D_u_)- IN. _2._ 4.2690 .

Mex Depth (AftShroud)- IN. = 192.0 5.7600

. Fineries=Ratio .9.06'TTJ 9.06771

Ame - FT2

Me3,.Cross-Sectionol 201.06193 O.18096
lUm_UJlll*

Plenfem,

Wetted
I

ii

• h"'P,of BSP,_Cent,erline (ZT') - 33,1. _ _00_ 12.000,

ot BsP_No,,e(x?) - 11_. _ 6.0oo

IP J't

i

, 36 j i
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i TABLEIII. - Continued. .

MODEL COMPONENTs EXTERNALTANK- T12
I j i i

$

GENERALDESCRIPTION: F.x't,err._l Oxygen l_:_rogon T_nkill i i i mR I

_1 I g i ili I ii I I g

NOTE: Id.-ntic_lto T!! -..-Ithextern_lfuel llncsadded
u

Me4el ._.91_e- ,n_,n , , ...... •
VL'IB-_31_

D.RAWING NUMBER . _ VLTB-OOOO_).A

DIMENSION: . . FULL SCALE MODEL SCAL[i .

Len0th - IN. (t_ose ¢ XT - 309) 1865 . S7._629 ._

t_ Wldth (o_,) - x.. :)2_ ....... 9,_1
' Max Depth _

• Flnenelt Ratio _, 5.?.5617 " 5.756].7

Area - I_L'2 ""

Max Cmss-Secfio_al " 572.555 17.177

Plonform " ..

, Wetted

Bate
• | i i J

• WPo_ T_nk Centerline OCT ) - IN. __ _00.0 _ •

I

• " | •

!
e • •

& .

o
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TABLEIII. - Continued.

I_)DELCOMPONENT: VERTICAL-- V 8 i I1_ in lUlal L i __ _ inn i mllUl

GBERALDESCRIPTION: Confi.e.uration_j9,k • , LL • , )
NOT,E," Simil_rto V5 _.th _.diuson TE u;p?r corner_nd LY Ic-terccrner_1 • iii n u I ! u nu i i|

.,

where vertlcalmeets fusel_.e.
- - " I l I I n n _ - I I _

Mode] Scp.le= , .030 i
-- oo6_o,_ " '' VLTO-
DRAWING_- ..... NUMBER:, ,T7L O-O00146A .....

DIMENSIONS,: FULL-SCALE MODELSCALt.

TOTALDATA

Area (Thee) Ft2 k13..259 0.37193J i II • In i

Planform ....._Span CTheo) In 3_5._20 , 9'47i6Q-
Aspect Ratio _ i;675 !;67_,
Rateof Taper _ O.50? ,,0.,5c7 ,
Taper Ratio _ 0._.o399 O.LO}_?
S_ep Back Angles, degrees

Leading Edge /_5.00 , _5_00
Trat 1ing Edge ., 2_. _&7 25. c&7

. 0.25 Element Line &l.130 41.1300
Chords:

Roo_(Thee) WP 26B.5c_) 8.05so0 ,
Tip (Thee) WP _.i08.4_0 _.25410 -
MAC 199._0_5_ 5.9942_ !
Fus, Sta. of .25 MAC _
W. P. of .Z5 MAC _ 19.06566
B. L. of .25 MAC 0.00 0.00

AtH'oil Sectton
Le_ding WedgeAIsle Deg lO_,O0 , 10.00
Trailing WedgeAngle Oeg _
Leading Edge Radius (_:in) - IN. , I ?,C}'3 0"060

Void Area _._ O;Ol,lSs,
• Blanketed Area o.o0 Q._n

38
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I TABLEIII. - Concluded.
MODELCO,_;PONE_T:_ HH_G-W116

GENERALDESCRIPTICCt:Con£iguration 4

' HOTE: Identical tOWll 4 exccpt, air£oi1 thickness. Dihedral angle is along

.trail.in.g edge of wing.
,

Node1 Scale = ,030
: L • - |, • i •, • |

.. VLTO-OOO_B
1lESTR0. -OWG,NO. VL70-OOOZUu _ ,,

DIMENSIONS:, _ ' _FULL-SCALE MODELSCALE
• q _...,

TOTAL DATA .
Area _T_eo,) FtZ

Planform 2_69__ _. 2c42.21.10-
Span (Theo In, "" 936.6816
Aspect Ratio .. 2.265. 2.265
Rate of Taper "" !. 177 1. 177
Taper Ratio O.200 O.2oo
DihedralF._gle,degrees(atXo=1506.623,Yo= 3.500 3.500
IncidenceAngle,degrees 105, Zo= 282.75) _ 0.500
AercdynamlcTwist, degrees _ .3,00o_
SweepBack Angles,degrees

LeadingEdge 45.00 45700
, TrailingEdge _ _io.u_(_
• 0.25 E1emen_Line 35.209 5S.209

Chords: " - '
Root (Theo)B.P.O.O, 689.2429
Tip, _Theo)B.P. _13_?-8486_ 4.13846

• FAC 474,8117_
Fus. Sta, of .25 MAC I126_721 _

.W.P, of .25 MAC _
B.L, of .25 HAC ", .187.33491 5.6200s

EXPOSEDDATA "
Area_Cfheo) Ftz ' " 1812.2205 1.6_010
Span, (Thee) In. BPlO8 • 73._6.6816 -22_10045
Aspect Ratio 2.058 . 2.058
Taper Rat.to '-. " ._ 0.2451 0.2451
Chords , . -.

•Root;BPlO8 .... 570.6230 17.11869
Tip 1.00 b • 137.8512 _ 4.135.54.-

.NAC "" 354.12376
rus, Sta, of .25 MAC 1164.237
W,P, of ,25 MAC 292.00 A ?,_nnn_
9.L, of .25 VPC • 239.67786.

AirfoilSection(Rock;,mllMod t,IASA)
XXXX-64

' '- ROOtb " 0.425 O.l]._ 0.3.l}

TIpb m'Z,O0 " 0.12 0.12',r ,---.------ _ •
K,

Datafor (1) of (2) Sides ..
LeadingEdgeCuff
Planform Area F_" _
LoadingEdge IntersectsFus H. t, @ Sta _
Leading Edge Intersects Wtng O Sta IO0_.S.._,.S

39 :
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TABLE VII. - ORBITER BASE, BODYFLAP,AND OMS NOZZLE PRESSURE ORIFICE LOCATIONS

ORBITERBASE

ORIFICE
LOCATION NUMBER

Orbiter Sting Cavity 1

"Orbiter Base (Lower Left Corner) 2

{_tSNozzle Base 3

i data in datasets RBICXXRUDDER FLARE BASE BODY FLAP

RUDDER WL_ Z° X/Cv ORBITER_ X° # _ Deg
|

FULL MODEL .75 FULL MODEL 0 | 40

_ .72s ,., 18.7s 4 YSss 46.6s 169 17oup u_
625 21.75 5 1590 47.70 74

data in datasets 'RBIcXX Lower

1590 47.70 171 [ 172
I

data in datasets RBIFXX

LEFT OMSNOZZLESURFACE

X_ IN, FWD,

i NOZZLE EXIT _ _ DEG.
'_ FULL MODEL 135 180 225

10 .30 175 176 177

20 .60 178

data in datasets RBIEXX

(J _ 43
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TABLEXl. - EXTERNALTANK ATTACHPOINTPRESSUREORIFICELOCATIONS

! XTz_£ -- '
s_.o no3 zo93 zos) zov_ zoo zos_ zoo3

XT M_I6i

Scale 33.09 32.79 32._9 32.19 31.89 31.59 31.29
, ,, ,,,

i XT/IT ._24 .419 .413 .&O8 .A02 .397 .391
! ,, ,,
V

_ DEG.

i 684. 676 668 660
182.8_

FWD
ATTACH 685 677 669 661 186.38
POINT Ill

(ORBITER 686 678 670 662 655 189.92
TO E" T ) .....

687 679 671 663 656 652 193.4.6

688 _SO 657 653 651 197.0

689 681 673 665 653 6r.?,. 200.5&I ....

I 690 682 67_ 666 659 20_.08

[ 691 683 675 667 207.62

data in datasetsRBI2XX

47
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TABLE XI. - EXTERNALTANK ATTACHPOINT PRESSUREORIFICE LOCATIONS

(CONTINUED)

'--' i

XT FULL 18"I_ 186_ 185_ i_ 1ff'J_ 182_ 18.1._SCALE

XTHODEL
SCALE 56.22 55.92 _5.62 5_.32 _5.02 54.72 5_.42

XTI_ ._9 .e3_ .e2S .e23 .SlS ._._. .807

DEG.

719 713 707 222._4

FWD 720 714 708 701 226.38
DRAG

LINK 721 715 709 702 696 229.92
ATTACH

POINT 722 71_0 703 697 693 233.46

70_ 698 694 692 237.00

699 695 240.54

723 718 712 706 700 244.08
L

data tn datasets RB12XX

ORIGINAL PAGE IS

OF POOR QUALITY
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TABLEXI. - EXTERNALTANKATTACHPOINT PRESSUREORIFICE LOCATIONS
i

I (CONCLUDED)

XT FULL 2078 2068 20S8 2048 2038 2028 2018
SCALE

XT HODEL 62.34 62.04 61 74 61 44 161.14 60 84 60.54
SCALE • • '

XT/I'T .g48 .945. .g38 .g32 .927 .921 .g16

_ DEG.

777 766 754 234.04

778 767 755 i742 237.58

779 768 756 743 1732 241.12
L

AFT "80 769 744 733 726 244.66
UPP[_
ATTACH 781 770 745 734 727 724 248.2

746 735 728 251.74

771 759 747 736 2S5.28

782 772 760 323.51

783 773 761 748 327.05

784 774 762 749 737 330.$9 .

ATTACH_"
786 776 7S1 739 730 72S 337.67

7S2 740 731 341.21

765 7S3 741 344.7S

data tn datasets RB12XX

,I
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k. Body flap, F8, lines drawing no. VL70-OOO140A/B J
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